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EXECUTIVE SUMMARY

Increasing weight and size of commercial freight loads is stressing infrastructure more
than originally planned. In order to accommodate increased loads and maintain or extend service
life for bridges, VTrans is examining simple retrofitSiber reinforcecolymer stripgFRP) are
a high strength, lightweight product for structural applicatioiRP technologies have matured
to provide increased tensile and shear capadihese features make it a very desirable material
to increase the structural capg®f concrete beam structures.

VTrans staff from Structure§)perations and Research joined in a project to install, rate
and amlyze FRP strip reinforcement of a pier cap tass suitable for retrdating. The retrofit
was accomplished with a minimum of geurces The strips were handlegasily by manual
labor, installed with hand tools in a period of one ddyor installations that are outside of the
travelled waya crew of three persons can compiatgallation

The technique involved attaching the FRRips with a bolted connection.The
connection itself is an area that may be improved further by addition of polymer to eliminate
slippage the connectiorif the detail is improved, even further capacity gains and durability will
result.

The capacity inaase on the-fbot by 4-foot pier cap beam was approximately0
The capacity increase was limited by the capacity of the fastefensher capacity increases
may be realized with the redesign of the connection and further analysis of the structural
mechaisms to include the cantilever ends of the pier.caghe increased capacity
accommodates current loads with less deflectidnich is expected to extend service life as well
as increase reliability.

In conclusion, retrofitting concrete structural elemewits FRP strips is a very effective,
simple process that VTrans persontesh be complete at low cost.

William E. Ahearn, P.E.
Research Managing Engineer



TABLE OF CONTENTS

EXECULIVE SUMIMALY. ...ttt e e e eemmr e et e e e e e e e e e e e e e e e e e e s s ammne e e e e e e e e e e aannas iii
N 013 1 = ox SO O PO PPPPPPRPUPPP \Y
Yoo [ [ 1o ] o PSPPSR TPTRPRT 1
Project Location and SUMIMALY............uuuuuiuuiiiceeeeeeiennissse s s e e e e e snessssss s e e e e e e aaeaeaaeeesanenneas 2
Material DESCIIPLION. ... .ueeuee e e e e e e e e e e ceeeic e e e e e e e e e e e e e e ettt e teeeaeeeeeeeeeeeeeeessssssnnsmmmreeeeesesssnsnnnnsd 4
1S 2= 11 F= Ao o 1P PPPPRPO 5
Observations and ANAIYSIS. .. .. .iiiiii e ceeeii et e ettt enne e e e e e e e eee e a————anana 10
Summary and ReCOMMENAALIQNS.........uuuiiiiii e e e erer e e e e e e e e e e e e eeeaeerannaes 14
Y o] o= T [ A SR PPPUSPURR 16
BIDlIOGIraPNY ... ———————————————— 22



ABSTRACT

The purpose of this study is to examine and evaluate the constructability, overall
performance and cost effectiveness of usnigtrofitrepair method. Structures and Research
personnel assesd the existing bridge conditiorbefore construction Ongoing periodic
assessment coupled with further analysis identified some opportunities to further the deployment
of this technologyto document all distresses, construction practices, and visit the sites annually
to document any failures.

The enhancement of load rating concrete structures by the installation of Fiber reinforced
polymer strips (FRP) is becoming a preferred stearh action The addition of supplemental
tensile capacity to concrete beams by applying high tensile stren&tistiRs to the exterior of
concrete structures provides immediate increase in live load capacity.

This study assessed the installation, theory and effectiveness of adding external FRP
reinforcement The assessment of the connections of the FRP stripetadncrete structure
warrant further study to determine development strengths and bearing capacity.

Analysis of the system confirmed that it is a cost effective technique to increase load
rating for concrete pier cap applicationSupplemental detailingo include improved shear
connection at the bolting points may provide an improveaualase performance of the FRP.

The existing literature and engineering support documents are providing a protective
level of conservatism in the assessment of bolt capamtlight of field observations regarding
eccentricity of load on the bolts, the values cited in the literature appear. sSupglemental
shear development by revised detailing and application of sustained shear adhesives in the bolt
placement offer pmise for this technology.



INTRODUCTION

Increasingly, VermonAgency of Transportation (VTrang facingfunding constraints.
The need for implementing new solutions to ensure the safety and security oértineny
transportation systerwhile at the same time keeping costs to a minimum is pressing upon
VTrans officials. V e r mihe dortstsuctiomnft eV esrt rad ret &9y Sit ret
system, whi ¢ h b e goacarred withint ahskort peaidd €largél tBréughsut the
1960 iant o t hg Mary oflthe brid@ed énétre system are now in need of
rehabilitation work within a similar short periodviany bridges havexceededor will soon
exceed50 yeas of servicelife and are starting to shosignificantwear. Vermonthas been
facing lean budgets with bridge rehabilitatiefiorts and this is likely to continue for the near
future. To reduce the annual bridge rehabilitation and replacement s3tns will need to
adoptnewmeans and methods prolong the lives athese bridgesufficientlyin the short term
This will give VTrans the ability talistributerehabilitationor replacementostsover a longer
period of time With increasing loads and traffic demands by the traveling public of the Vermont
infrastructurethese solutionaeed taminimize oreliminate inconvenienceas schedules, typical
routinesand the functiondreight capacity needsf the public

Two structuresselectedfor evaluating lowcost life-extendingmeasuresvas a set of
bridges on I-89in Swanton. Each set of pier caqagportingthe bridges both northbound (98N)
andsouthbound (98Shave beerexhibiting significantcracking ancconcretespalling along the
tensle face of the pier caps between the columMithout correction structural capacity is
likely to decrease This is @ssibly due to the increase in load demand created by insiiease
traffic volume and vehicular loadsr due to loss of confinement on the reinforcing steel
Traditionally, cracking @n be repaired wh standard patching repair methpdwewever, the
standard concrete repairs would rf@ve increasedthe flexural capacity of the pier caps.
Flexural strengtheningvould reducefuture cracking provide additional load capacigndlimit
moistureexposure to the reinforcing bardlethodsincludeincreasing thesize of thesection or
adding tensile reinforcement.

The Agency chose tosa Fiber Reinforced Polymer (FRP) compositestrengthen these
bridges. Using FRP has been seen as a low coseffeative solution that has been gaining
interest in recent yea(8Vhittemore & Durfee, 2011) The advantage of FRP composites is that
they are light in weight and corrosion resistant. FRP reinforcement has a broad applicati
capability. One technique is using FRP strips applied as surface reinforcement to concrete decks
and beams. This method is a rapid,Hmorasive and low cost solution for strengthening bridges
with very limited interruptions to the traveling publi@he life extending measukgaschosen
for the 89 bridgeswith the intent that thewould provide added longevity and strength to the
structures at the same time providing an excellentdost rehabilitation alternative that can be
constructed with miniml impact to the traveling public.



PROJECT LOCATION AND SUMMARY

The experimental product was installed in conjunction with Swanton IN3QB%) on
both northbound and southbound bridges, 98N and 98S, locate@%oat Imile marker 123.400
in Swanton, VT(see Figure 1)The bridgescarry F89 over VermontRoute 78, which connecs
Swanton Village to the Town of Higate (see Figure 2.) The southbound bridge was
constructed in 1964 and the northbound in 1965 as p#reofiginal -89 construction. In 2009
and 2010 the bridges were cleaned, painted and received drainage maintenance. The southbound
bridge receivedbridge joint repaira new deck membrane and waterproofi@yer the 50 years
of service life for these bridgeshe bridge piers have accumulated significantosmetic
deteriorationand somestructural distressvhichhas r educed t hesdhownithge s
Figure 3. The two bridges were considered ideal candidates for the Agenpyolong the
currentexpected servicéife andto increase their structurabpacitysufficiently to extend the
date forfuture replacement
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Figure 1 Project location in Swanton, VT (VTrans)
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Figure 2 Project sitei -89 Bridge 98 over VT 78 in Swanton(VTrans 2010)

Figure 3 Concretedistress in pier bent (VTrans 2010)



MATERIAL DESCRIPTION

The selected material for this studasSAFSTRIP Fiber Reinforced Strengthening Strip
shown inFigure4. From the product documentation, SAFSTRAR a pultruded composite
strip that improves the strength of an existing structural member when mechanically fastened to
the structure SAFSTRIP has high bearing and longitudinal properties and is designed to
strengthen the flexural capacity on the tension face of concrete girders, slabs and decks
Installation on bridges can occur without any interruption of service.

SAFSTRIP is supplied in rds and may be prdrilled with holes at the required fastener
spacing to receive fastenerSAFSTRIP measures 4" wide x 1/8" thick and is shipped in rolls
up to 100 ft. long SAFSTRIP is designed to be easily field cut by the customer into shorter
lenghs using standard carpenter toa@gStrongwell Corporation, Structural Reinforcements,
2015)

Figure 4 SAFSTRIP Fiber Reinforced Strengthening Strip(Strongwell Corporation,
Structural Reinforcements, 2015)

SAFSTRIP was developed by a joint effort by the University of Wisconsin and the
Army Corps of Engi neer dongpolyimercoandageg  rmotr wa 0 otps
to repair or reinforce bridges carry a 113ton military tank transport vehicle. The desire was to
keep important transportation routes oeming wartime Though the usef similar strips hal



been in use for over a decade priorttee development of the FRP strips used in this study, they
had to be glued in place. This required a significant amount ofvpoep in good weather to
obtain a surface where the glue could be applied and cured for a good bond. The #irgs
study were developed to be fastenedmumbly, cracked and pockmarked undersides of a
decadesold concrete bridgeg i n a n yYBamke2805)h e r .

Earlier strips were largely made of longitudinal fibers, which would split vpuerctued
or whenin bearing against fastene. FRP strips such as the SAFSTRtoduct comprises of
carbon fibers, glass fibers and glass mats. The glass mats are tigigly, \treereby preventing
splitting of the strip when punctured or in bearing on defex. The load is adequately
transferredhroughthe stripbearing oto the fastener(Bank, 2005)

The use of FRP strips similar to the SAFSTRfRoduct has been effective in repairing
and strengthening prestressed conciatelge structures. An increasing number of State
Transportation Agencies have accepted the use of FRP strips for this purpose. The strips, when
applied toan external face of a concrete beam, have shovigetable tancrease its flexure and
shear capaes The benefits of using FRP strips are that they are lightweight, easy to install
manually and they provide a tremendous tensile strength. These features allow for an expedited
installation with lightweight equipment, thereby reducing constructemtiscand impacts to the
traveling public.(Zureik, 2010)

INSTALLATION

On Friday May 16, 2014 Research personnel wgreesent taobservethe initial install
of the FRP strips on the project sit€he linear peffoot linear cost of installing the FRP strips
was $125 with aotal costof $31,500 The install began on the northerly pier of the southbound
lanes of 489. The Contractor placed four FRP strips on the work platform. \&aspredrilled
with an alternatindolt pattern. The FRP Strips and the predrilled pattern can be s€ejuie
5.

Prior to the install, the Contractor had experimented with altem#tisteners to those
specifiedby the FRP supplier for ease and speed of installafidre first alternative was a Hilti
powder actuated fastener witha 0458 ch di ameter and a 110 | engt
into concrete by the force generatedni a Powers 0.27 caliber blank fired from a concrete nalil
gun (SeeFigure 6). This alternative had moderate amount of success in new concrete;
however, in older @ncrete, the force of the nail being shot into the concrete caused the concrete
around the fastener to burst (Fegure?).



Figure 5 FRP Strips to be installed(VTrans 2014)

'

Figure 6 Hilti 0.158 inch x 134" Powder Actuated FasteneXVTrans 2014)



Figure 7 Powder Actuated Faster Caused Concrete to Burg/Trans 2014)

The next alternative tried was the Perma Seal coated Tapp&Guusrete Screw (See
Figure8) . The screws required a 1 0 hesodéweasthem be dr
inserted with the threads digging into the wall of the hole for a tight fit. The coating also acts as
a lubricant to make insertion easier. Though this option sg@emwork well for installationthe
screwwas standard steel withpaotectivecoatingthat has a highisk of being scraped ofiuring
installation With the application being subjected to potential chloridesh nearby roadway
spray; it was felt that this would not be a gdodg-term solution. An alternative to the Tapper
Plus® would be asimilar product made with stainless steelThe use of the Tapper Plus
Concrete Screw requires a hole topbedrilled, similar to the specified swedge bolt

The Contractor used the fastespecfied, which was &-inch PowerStucE  stainless
steelswedge bolt (Sekigure9). Installation required B-inch hole to be drilled in the concrete.
To match the ha@s in the FRP strip and in the concrete beam exactlynghallation required
the strip to be placed and held in position. Using the predrilled holes in the FRP strip as a
template, the Installer would drill a hole into the concrefbe swedge bddtweretapped into
the holes with a hammer The anchoring collar was lodged in the hole by frictio®nce
properlyseated, a ratchay socket wrenchvas used othe nutto pull the bolt out of the hole
The swedge bolt ltha cone shaped wedge at its ends the boltwas pulled out, the wedge
pressd the lodged anchoring collar made of softer metal into the wall of the drilled hole, thereby



fastening the bolt to the concrete beam. The installer then tbtigedolt to 28 Hibsor 3 to 5
turns past finger tighttPowers Fasteners, 2011}igure 10 shows the sequencefigure 11
shows a completed pattern of bol&gurel2 shows the completed installation on one pier.
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Figure 9 Chosen fastener a E-inch Swedge Bolt(VTrans 2014)
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Figure 10 Sequence of Installing FRP StripgVTrans 2014)

Figure 11 Completed Pattern of Bolts(VTrans 2014)



Figure 12 Completed FRP Installation(VTrans 2014)

OBSERVATIONS AND ANALYSIS

The first problem encountered wiaisstabilizing theFRP strip while drilling. The space
that theinstallers were workingithin was moderately cramped. When the drill started, the FRP
strip jerked, which took it out of alignment. Thes t al | er s tbyfi @ woadstudsn g At w
to wedge the strip iplace, whichworked well. The Installer eventually bolted the strip in place
every 18 inches or so, then went back to bolt the rest of the pattern. The idea of having an
adhesive to adhere the strip in place waggested by the installer. h& adhesive could be
applied by the fabricator with a peaff cover to protect it beforplacement. It was felt that the
adhesive would also seal the strip against the concrete surface to prevent roadway spray from
permeatingn between the two materials.

To bolt the strip to the concrete, thestaller driledE0  hs¢hfoegh the FRP strip and
into the concretéo accommodate bumps on the anchoring collar Fsgere13). Thisallowed
for the propessettingof the anchor boltgto the concrete However, this creatkea hole slightly
larger tlan the shank of the swedge bollt is essential to know if the bolting pattern was
designed as a bearing connection rather than a friction connection. If the deflection of the
horizontal cowrete pier bentwhere the FRP strigould gointo tension, then the striould

10



slide to the extent of the gafd-his being the case, smalkflectiors may never engaghe FRP
strip, thereby never realizing thell benefit of the enhancement.

Figure 13 Swedge Bolt FeaturegVTrans 2014)

It is unknown what thefriction coefficient between an FRP strip and concrete is.
However, some observations of the two materials would suggest that little resistive force would
be gained to stop slippagehen compared with bearingth the 28 ftlb torque First, the FRP
strip is very smootrand the concretesurfaceis rough. During the installation, it wadserved
that the strip would bridge ovénperfections in the concrete surface and in so doing would not
fully bear on the concretelhe coefficient of friction of conete to steel is 0.45 and concrete to
Teflon is 0.10. (Agboatwala) One could assume that the friction coefficient between concrete
and the FRP strip could be somewhere in between. The maximum tensile force that can be
obtaired from the anchor bolts used is 480 [(fPowers Fasteners, 201A) best, assuming full
bearing at each bolt, the maximum resistant force that can be obtained is 22@#ssairdach
bolt location

New Hampshire Departmenf Transportation (NHDOT) used similar FRP strips for a
low-cost rehabilitation project on a small bridge in Gilford, NH. Of the assumptions NHDOT
made, two specific assumptions should be considered in using FRP strips to prolong the life of a
bridge. First, thditensile capacity in the FRP is transferred via friction but ultimately via
bearing on the high strength wedged anchor bolts. Slip will begin to occur with subsequent
engagement of the FRP in a progressive fashion, more and more bolts becagaggcd: at
higher stress levels. The second capsctyofitipetsectiomis determinea by the
lesser of the bearing capacity of the bolts on the FRP verses the tensile capacity of the FRP net
sectionod (Whittemore &Durfee, 2011)
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